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,QWURGXFWLRQ
7KHH[SRQHQWLDOJURZWKRI WKH6PDUW*ULGDQGWKHUDSLGGHSOR\PHQWRIVRIWZDUHHQDEOHGPHWHUVSURYLGHXWLOLW\
FRPSDQLHV DQG FRQVXPHUV DOLNH QHZ RSSRUWXQLWLHV LQ WKH ZD\ WKDW HQHUJ\ GHOLYHUHG DQG FRQVXPHG 7KH JOREDO
JURZWKRISUHSDLGHOHFWULFLW\SURJUDPVKDVEHHQVWHDG\DQGJUDGXDO LQ UHFHQW\HDUVEXWQRZ WKDQNV WR WKH6PDUW
*ULGWKHSUHSDLGPHWHULQJPDUNHWLVQRZSRLVHGWRWDNHRIIRQDODUJHUVFDOH7KHSUHSDLGHQHUJ\PDUNHWLVVLPLODUWR
WKH SUHSDLG FHOOXODU SKRQH FRQFHSW (QHUJ\ FRQVXPHUV DUH DEOH WR SD\ IRU HQHUJ\ XVDJH LQ DGYDQFHPDNLQJ DQ
DFFRXQWGHSRVLWDQGKDYLQJ WKHGDLO\HQHUJ\XVDJHFRVWGHELWHGIURPWKHDFFRXQW7KLVV\VWHPSURYLGHVXWLOLWLHVD
ZD\WRVHUYLFHFXVWRPHUVZLWKSRRUFUHGLWUDWLQJRUZKRKDYHDGHOLQTXHQWSD\PHQWKLVWRU\EHFDXVH6PDUW0HWHUV
DOORZUHDOWLPHPRQLWRULQJRILQGLYLGXDOFXVWRPHUXVDJH,QRUGHUWRSURYLGHWKHHQGXVHUZLWKVXIILFLHQWQRWLFHDQG
DFFXUDWHDFFRXQWEDODQFHVWDWXVDQDFFXUDWH LQGLYLGXDOFXVWRPHU IRUHFDVWLQJPHWKRG LVQHHGHG5HVLGHQWLDO3RZHU
/RDG )RUHFDVWLQJ 53/) LV DPHWKRG WR SUHGLFW SRZHU XVDJH IRU LQGLYLGXDO FRQVXPHUV EDVHG RQ ERWK KLVWRULFDO
HQHUJ\XVHDQGZHDWKHUGDWD
7KHSXUSRVHRI WKLVSDSHU LV WRVKRZKRZ6\VWHPV(QJLQHHULQJFDQEHXVHG WRGHWHUPLQH WKHPRVWDSSURSULDWH
IRUHFDVWLQJPRGHOIRU53/)7KHUHPDLQGHURIWKHSDSHULVRXWOLQHGDVIROORZV
x 6HFWLRQEDFNJURXQGLQIRUPDWLRQRQHQHUJ\IRUHFDVWLQJ	FRJQLWLYHV\VWHPVHQJLQHHULQJ
x 6HFWLRQOLWHUDWXUHUHYLHZRILQGLYLGXDOORDGIRUHFDVWLQJ
x 6HFWLRQV	GLVFXVVLRQRIGHVLJQDQGDUFKLWHFWXUHFRQVLGHUDWLRQVUHVSHFWLYHO\
x 6HFWLRQRXWOLQHRIWKHSURSRVHGIRUHFDVWLQJPRGHO
x 6HFWLRQRXWOLQHRIIXWXUHZRUN
x 6HFWLRQFRQFOXVLRQ
1.1. System characterization 
)LJXUHGHSLFWVDQRYHUYLHZRIWKH3UHSDLG6PDUW0HWHU6\VWHPRI6\VWHPV6R6ZKLFKGHVFULEHVLQIRUPDWLRQ
IORZEHWZHHQWKHRSHUDWLRQDOHOHPHQWVRIWKHV\VWHPLQRUGHUWRVHWDIUDPHRIUHIHUHQFHIRUWKLVZRUN
7KHFXVWRPHU¶VKRPHUHVLGHQFHLVHTXLSSHGZLWKDVSHFLDOO\GHVLJQHGSUHSDLGVPDUWPHWHUUDWKHUWKDQDVWDQGDUG
5DGLR )UHTXHQF\ 5) FRPPXQLFDWLRQV HQDEOHG VPDUW PHWHU RU HOHFWURPHFKDQLFDO PHWHU 7KH SURFHVV WKDW WKH
FXVWRPHUJRHVWKURXJKWRDGGPRUHDYDLODEOHHQHUJ\WRWKHLUDFFRXQWLQYROYHVDVZLSHRIDSUHSDLGUHORDGDEOHFKLS
FDUGRQWKHFDUGVORWRIWKHSUHSDLGVPDUWPHWHU7KHEDODQFHRIWKHFKLSFDUGLVPRQLWRUHGDQGDGGHGWRE\XVLQJ
YDULRXVFXVWRPHULQWHUDFWLRQPHWKRGVVXFKDVVPDUWSKRQHWDEOHWDSSOLFDWLRQV606ZHEDSSOLFDWLRQVHPDLONLRVNV
HWF7KHVHLQWHUDFWLRQPHWKRGVLQIRUPWKHFXVWRPHUKRZORQJWKHLUSUHSD\PHQWZLOOSURYLGHDYDLODEOHHQHUJ\DWWKHLU
PHWHUDQGDGGHQHUJ\YLDDGGLQJFUHGLWWRWKHLUDFFRXQWDVQHHGHG
7KH VPDUWPHWHU LQVWDOOHG DW WKH FXVWRPHU ORFDWLRQ LVPRQLWRUHG DQG FRQWUROOHG E\ D FRQQHFWLRQ WR WKH XWLOLW\
FRPSDQ\¶V$GYDQFHG0HWHULQJ,QIUDVWUXFWXUH$0,([DPSOHVRIWKHW\SHRIHQHUJ\FRQVXPSWLRQVWDWLVWLFVWKDWDUH
FROOHFWHG IURP FXVWRPHU VPDUW PHWHUV LQFOXGH NLORZDWW XVDJH SHU YDULRXV WLPH LQWHUYDOV VPDUW DSSOLDQFH XVDJH
GHWDLOVDQGVRIRUWK7KHVHGDWDDUHIHGLQWRWKH0HWHU'DWD0DQDJHPHQW6\VWHP0'06DWWKHXWLOLW\FRPSDQ\
ZKHUHLWLVVWRUHGDQGDQDO\]HG1RWVKRZQLQWKHGLDJUDPLVWKHLQSXWRIZHDWKHUGDWDWRWKHXWLOLW\FRPSDQ\WKLUG
SDUW\VRXUFHVXVHGDVDIDFWRULQWKHFDOFXODWLRQVRIHQHUJ\IRUHFDVWV
)LJ6\VWHP&KDUDFWHUL]DWLRQ 
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2.1. Energy forecasting 
/RDGIRUHFDVWLQJLVDPHWKRGXVHGWRFDOFXODWHWKHH[SHFWHGHQHUJ\UHTXLUHPHQWVRIDV\VWHPDWVRPHIXWXUHWLPH
)RUHFDVWHUVUHO\RQKLVWRULFDOFRQVXPSWLRQGDWDWRGHWHUPLQHKRZPXFKSRZHUDFXVWRPHURUJURXSRIFXVWRPHUV
PD\UHTXLUH7KHGDWDDUHDQDO\]HGXVLQJPRGHOVWKDWYDU\LQVRSKLVWLFDWLRQIURPOLQHDUUHJUHVVLRQWRWUDLQHGQHXUDO
QHWZRUNV 0RGHO LQSXWV DOVR YDU\ DQG FDQ LQFOXGH GD\ RI WKH ZHHN KROLGD\ FDOHQGDUV ZHDWKHU FRQGLWLRQV DQG
IRUHFDVWV JHRJUDSKLFDO GLIIHUHQFHV GHPRJUDSKLF LQIRUPDWLRQ DQG VR RQ7UDGLWLRQDOO\ ORDG IRUHFDVWLQJKDV EHHQ
XVHG IRU FODVVHV RI XVHUV UHVXOWLQJ LQ D VRPHWLPHVZLGH YDULDQFH EHWZHHQ WKH PHDQ YDOXH IRU D FODVV DQG DQ\
SDUWLFXODU XVHU )RUHFDVWLQJ DW WKH LQGLYLGXDO OHYHO LV LQWULFDWHO\ PRUH GLIILFXOW GXH WR WKH YDULDELOLW\ RI KXPDQ
EHKDYLRU$QRWKHUOD\HURIFRPSOH[LW\VWHPVIURPWKHIDFWWKDWODUJHQXPEHUVRIFXVWRPHUVWKHDPRXQWRIKLVWRULFDO
GDWD UHTXLUHG DQG WKH OHYHO RI FRPSXWDWLRQPRYHV WKH IRUHFDVWLQJ SUREOHP LQWR WKH UHDOP RI ELJ GDWD DQG KLJK
SHUIRUPDQFH FRPSXWLQJ 7UDGLWLRQDOO\ ORDG IRUHFDVWLQJ KDV EHHQ XVHG WR PDNH GHFLVLRQV DERXW GDLO\ JHQHUDWLRQ
VFKHGXOLQJSODQQLQJIRUJULGH[SDQVLRQDQGDFFXUDWHO\GHWHUPLQLQJSULFHVIRUODUJHLQGXVWULDOFXVWRPHUV$FFXUDWH
IRUHFDVWLQJLVLPSRUWDQWLQSUHSDLGHQHUJ\EHFDXVHRIWKHRYHUKHDGLQYROYHGLQFRQWLQXRXVO\UHDGLQJDODUJHQXPEHU
RIPHWHUVLQVWDOOHGRQDFRPPXQLFDWLRQVQHWZRUN
2.2. Cognition systems engineering 
&RJQLWLYH V\VWHPV HQJLQHHULQJ LV D VSHFLDOW\ GLVFLSOLQH RI V\VWHPV GHYHORSPHQW WKDW DGGUHVVHV WKH GHVLJQ RI
VRFLRWHFKQLFDOV\VWHPV$VRFLRWHFKQLFDOV\VWHPLVRQHLQZKLFKKXPDQVSURYLGHHVVHQWLDOIXQFWLRQDOLW\UHODWHGWR
GHFLVLRQ PDNLQJ SODQQLQJ FROODERUDWLRQ DQG PDQDJHPHQW 'UDZLQJ RQ FRQWHPSRUDU\ LQVLJKWV IURP FRJQLWLYH
VRFLDO DQG RUJDQL]DWLRQDO SV\FKRORJ\ FRJQLWLYH V\VWHPV HQJLQHHUV VHHN WR GHVLJQ V\VWHPV WKDW DUH HIIHFWLYH DQG
UREXVW 7KH IRFXV LV WR PDNH FRJQLWLYH ZRUN HDVLHU WR SHUIRUP DQG WKXV PRUH UHOLDEOH E\ LQWHJUDWLQJ WHFKQLFDO
IXQFWLRQVZLWKWKHKXPDQFRJQLWLYHSURFHVVHVWKH\QHHGWRVXSSRUW
&RJQLWLYH V\VWHPV HQJLQHHUV DVVLVW ZLWK WKH GHVLJQ RI KXPDQ LQWHUIDFHV FRPPXQLFDWLRQ V\VWHPV WUDLQLQJ
V\VWHPV WHDPV DQG PDQDJHPHQW V\VWHPV 7KH\ HPSOR\ SULQFLSOHV DQG PHWKRGV WKDW EHDU RQ WKH GHVLJQ RI
SURFHGXUHV SURFHVVHV WUDLQLQJ DQG WHFKQRORJ\([DPSOHV RI V\VWHPV WKDW FDQ EHQHILW DUHPLOLWDU\ FRPPDQG DQG
FRQWURO FLYLO DLU WUDIILF FRQWURO WUDQVSRUWDWLRQ FRPPXQLFDWLRQ SURFHVV FRQWURO SRZHU JHQHUDWLRQ SRZHU
GLVWULEXWLRQKHDOWKFDUHDQGODUJHVFDOHSURMHFWLQIUDVWUXFWXUH
7KH QHHG IRU D V\VWHPDWLF DQG FRPSUHKHQVLYH DSSURDFK WR FRJQLWLYH LVVXHV LQ WKH GHVLJQ RI VRFLRWHFKQLFDO
V\VWHPV KDV HPHUJHG RYHU WKH SDVW WZHQW\ \HDUV DV FRPSXWHUEDVHG WHFKQRORJLHV KDYH SXVKHG WKH QDWXUH RI
RSHUDWLRQDOZRUNLQDGLUHFWLRQLQZKLFKFRJQLWLYHFKDOOHQJHVGRPLQDWH,VVXHVVXFKDVGHFLVLRQPDNLQJLQFRPSOH[
DQG G\QDPLF LQIRUPDWLRQ HQYLURQPHQWV GLVWULEXWHG FROODERUDWLRQ DQG PDQDJHPHQW RI H[WHQVLYHO\ QHWZRUNHG
V\VWHPVKDYH LQPDQ\FDVHV WUDQVIRUPHG WKHQDWXUHRIZRUN&RJQLWLYH V\VWHPVHQJLQHHUV LGHQWLI\ WKHFRJQLWLYH
VWDWHV WKHFRJQLWLYHSURFHVVHVDQG WKHFRJQLWLYHVWUDWHJLHVXVHGE\VNLOOHGSUDFWLWLRQHUV WRSHUIRUPWKLVZRUNDQG
VXEVHTXHQWO\ GHYHORS GHVLJQ VROXWLRQV IRU VXFK WKLQJV DV GHFLVLRQ DQG SODQQLQJ WRROV WKDW VXSSRUW H[SHUW KXPDQ
FRJQLWLRQ
/LWHUDWXUH5HYLHZ
/RDG)RUHFDVWLQJLVQRWDQHZFRQFHSWLQIDFWLWKDVEHHQWKHVXEMHFWRIUHVHDUFKIRUDJUHDWPDQ\\HDUVERWKLQ
DFDGHPLDDQGWKHSRZHULQGXVWU\7KHPHWKRGVRIDSSURDFKPD\GLIIHUEXWWKHXQGHUO\LQJLQWHQWUHPDLQVWKHVDPH
WRSUHGLFWWKHORDGRUSRZHUFRQVXPSWLRQIRUDQDVVHWRUJURXSRIDVVHWVEDVHGRQVRPHKLVWRULFDOGDWD&XUUHQWZRUN
LQIRUHFDVWLQJUHODWHGWR9ROW9DU&RQWURO99&KDVIDFHGDVLPLODUSUREOHPRISUHGLFWLQJHQGXVHUORDGLQRUGHUWR
GLVFRYHUWKHHIILFDF\RIYDULRXV99&VFKHPHVWRLPSURYHSRZHUTXDOLW\ZKLOHUHGXFLQJRYHUDOOJHQHUDWLRQQHHGV
,Q OLWHUDWXUH D QXPEHU RI WHFKQLTXHV KDYH EHHQ SURGXFHG VRPH XVLQJ DUWLILFLDO LQWHOOLJHQFH DQG RWKHUV
LPSOHPHQWLQJPRGLILHGIRUPVRIUHJUHVVLRQµ,QGLYLGXDO/RDG)RUHFDVWLQJ¶LQSDUWLFXODUDSSHDUVWREHDQHVSHFLDOO\
GLIILFXOWEUHHGRIIRUHFDVWLQJGXHWRWKHUDQGRPQDWXUHRIKXPDQEHKDYLRU$KDQGIXOORISDSHUVVHHPVWRDGGUHVV
WKLVSUREOHPGLUHFWO\,QRQHVXFKSDSHUWKHDXWKRUQRUPDOL]HGWHPSHUDWXUHVE\GHWHUPLQLQJWKHPHGLDQWHPSHUDWXUH
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IRUZHHNGD\VDQGZHHNHQGVRYHUWKHGDWDFROOHFWLRQSHULRG7KHPHGLDQWHPSHUDWXUHZDVXVHGLQRUGHUWRUHGXFH
ELDV GXH WR XQH[SHFWHG WHPSHUDWXUH VKLIWV $IWHU IXUWKHU QRUPDOL]DWLRQ DQG UHDO SRZHU FRUUHFWHG GDWD WKLV
LQIRUPDWLRQZDVFRXSOHG WR WUDGLWLRQDOPRGHOV LQRUGHU WRHYDOXDWH WKHSHUIRUPDQFHRI WKH99&VFKHPHZLWK WKH
SUHGLFWHGORDGVWHPPLQJIURPWUDGLWLRQDO=,3PRGHOV7KHRXWSXWRI WKHFRPELQHGPRGHOVDFKLHYHG02(IRU
GDLO\ORDGSUHGLFWLRQV
$QRWKHUSDSHU IRFXVHGRQ VKRUWWHUPSUHGLFWLRQVZLWKZHDWKHU FRPSHQVDWLRQXVLQJDFRPELQDWLRQRI$UWLILFLDO
1HXUDO 1HWZRUNV $11 DQG UHJUHVVLRQ $Q $11 PRGHO ZDV GHYHORSHG DIWHU DQDO\]LQJ WKH WHPSHUDWXUH DQG
FRQVXPSWLRQGDWDDQG LGHQWLI\LQJVWDWLVWLFDOO\VLJQLILFDQWFOXVWHUVRIKRXUO\DQGGDLO\ WHPSHUDWXUHSURILOHV  ,WZDV
LGHQWLILHG WKDW WKHVH FOXVWHUV UHSUHVHQWHG VLPLODULWLHV LQ ORDG XVH GD\ RI WKH ZHHN DQG WHPSHUDWXUH  $IWHU WKLV
DQDO\VLVLWZDVLGHQWLILHGWKDWWKHLQSXWVWRWKH$11PRGHOZRXOGFRQVLVWRIGD\RIZHHNKRXURIGD\WHPSHUDWXUH
FOXVWHUIRUWKHGD\KRXUO\WHPSHUDWXUHDQG99&VFKHPHVWDWXV
,QPRVWLQVWDQFHVDXWKRUVZHUHDEOHWROHYHUDJHWKLVKLVWRULFDOGDWDWRSUHGLFWSRZHUXVHZLWKUHODWLYHO\DFFXUDWH
UHVXOWVEDVHGRQWKHLQSXWGDWD,QDGGLWLRQODUJHH[WHUQDOGDWDVHWZHUHQHFHVVDU\LQRUGHUWRWUDLQWKHPRGHOV$NH\
REVHUYDWLRQLQPRVWFDVHVZDVWKDWVRPHVRUWRILQWHUPHGLDWHPRGHOZDVXVHGWRGULYHDVHFRQGDU\PRGHOWRDFKLHYH
PDUJLQDOO\DFFHSWDEOHDFFXUDF\
)RUHFDVWLQJ0HWKRGV
4.1 Fuzzy Logic 
)X]]\/RJLF)/SURYLGHVDVLPSOHZD\WRDUULYHDWDGHILQLWHFRQFOXVLRQWKDWLVEDVHGXSRQYDJXHDPELJXRXV
LPSUHFLVHQRLV\RUPLVVLQJLQSXWLQIRUPDWLRQ,WPLPLFVKRZDSHUVRQZRXOGPDNHGHFLVLRQVRQO\PXFKIDVWHU,W
LV XVHG H[WHQVLYHO\ LQ FRQWURO V\VWHPV /LQJXLVWLF YDULDEOHV DUH XVHG WR UHSUHVHQW DQ )/ V\VWHP
V RSHUDWLQJ
SDUDPHWHUV$JRRGDQDORJ\LVZKHQZHTXLFNO\DGMXVWWKHKRWDQGFROGLQWKHVKRZHUWRJHWFRPIRUWDEOH)/XVHV
DQ ³,I ; $1' < 7+(1 =´ DSSURDFK UDWKHU WKDQ VROYLQJ PDWKHPDWLFDOO\ 7KLV PDNHV LW H[WUHPHO\ XVHIXO LQ
FRQWUROOLQJ QRQOLQHDU V\VWHPV WKDWZRXOG EH GLIILFXOW RU LPSRVVLEOH WRPRGHOPDWKHPDWLFDOO\ ,W FDQ KDQGOH ODUJH
DPRXQWVRIGDWDDQGLVLQKHUHQWO\UREXVW7KHUHDUHVHYHUDOFKDOOHQJHVLQXVLQJ)/GHILQLQJWKHUXOHEDVHGPRGHOV
TXLFNO\EHFRPHFRPSOH[ZKHQWRRPDQ\LQSXWVDQGRXWSXWVDUHFKRVHQIRUDVLQJOHLPSOHPHQWDWLRQ
4.2Time series moving average 
7LPH6HULHV0RYLQJ$YHUDJHLVDPRGHOXVHGWRDQDO\]HDVHWRIGDWDSRLQWVE\FUHDWLQJDVHULHVRIDYHUDJHVRI
GLIIHUHQWVXEVHWVRI WKHIXOOGDWDVHW$PRYLQJDYHUDJHLVQRWDVLQJOHQXPEHUEXW LW LVDVHWRIQXPEHUVHDFKRI
ZKLFKLVWKHDYHUDJHRIWKHFRUUHVSRQGLQJVXEVHWRIDODUJHUVHWRIGDWDSRLQWV$PRYLQJDYHUDJHLVFRPPRQO\XVHG
ZLWKWLPHVHULHVGDWDWRVPRRWKRXWVKRUWWHUPIOXFWXDWLRQVDQGKLJKOLJKWORQJHUWHUPWUHQGVRUF\FOHV7KHWKUHVKROG
EHWZHHQVKRUWWHUPDQGORQJWHUPGHSHQGVRQWKHDSSOLFDWLRQDQGWKHSDUDPHWHUVRIWKHPRYLQJDYHUDJHZLOOEHVHW
DFFRUGLQJO\:KHQXVHGZLWKQRQWLPHVHULHVGDWDDPRYLQJDYHUDJHVLPSO\DFWVDVDJHQHULFVPRRWKLQJRSHUDWLRQ
ZLWKRXWDQ\VSHFLILFFRQQHFWLRQWRWLPH
4.1.3 Artificial neural networks 
$UWLILFLDOQHXUDOQHWZRUNV$11VDUHPDWKHPDWLFDOPRGHOVEDVHGXSRQWKHIXQFWLRQLQJRIWKHKXPDQEUDLQDQG
DUHFRPSRVHGRIWKUHHGLIIHUHQWOD\HUVRILQSXWKLGGHQDQGRXWSXWOD\HUVHDFKRIZKLFKDUHFRPSRVHGRIDFHUWDLQ
QXPEHURIQHXURQV
$11VFDQDSSUR[LPDWHWKHEHVWIXQFWLRQWRDVHWRIGDWDZKLFK LVHVSHFLDOO\ LPSRUWDQWZKHQWKHIXQFWLRQVDUH
FRPSOH[0RUHRYHU$11V DUH QRQOLQHDU E\ QDWXUHZKLFKPHDQV WKDW WKH\ FDQQRW RQO\ FRUUHFWO\ HVWLPDWH QRQ
OLQHDU IXQFWLRQV EXW DOVR H[WUDFW QRQOLQHDU HOHPHQWV IURP WKH GDWD $11VZLWK RQH RUPRUH KLGGHQ OD\HUV FDQ
VHSDUDWHWKHVSDFHLQGLIIHUHQWDUHDVDQGEXLOGGLIIHUHQWIXQFWLRQVIRUHDFKRIWKHP7KLVPHDQVWKDW$11VKDYHWKH
FDSDFLW\ WR EXLOG QRQOLQHDU SLHFHZLVH PRGHOV $11 LV FRQVLGHUHG FDSDEOH RI LGHQWLI\LQJ DQG WUHDWLQJ DEUXSW
FKDQJHVLQDWLPHVHULHVSDWWHUQ
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$UFKLWHFWXUH&RQVLGHUDWLRQV
5.1. Architecture goals 
2YHUDOOWKHGHYHORSPHQWRIDKLVWRULFDOPRGHOLVFULWLFDOWRZDUGVWKHGDWDDQDO\VLVIXQFWLRQVRIWKHV\VWHP2QFH
D EDVHOLQHPRGHO RI HQHUJ\ XVDJH LV FUHDWHG WKH QHZ GDWD LQSXW LQWR WKH V\VWHP IURP UHDO WLPH FROOHFWLRQPD\
PRGLI\ WKH EDVHOLQH DV D UHVXOW RI FKDQJLQJ WUHQGV LQ GDWD XVDJH :KLOH WKH WDVN DQDO\VLV GRHV QRW RXWOLQH WKH
SHUIRUPDQFHRIDIXQFWLRQRUSURFHVVH[WHUQDOWRGDWDSURFHVVLQJWKHLPSRUWDQFHRIWKH,QSXW2XWSXW,2DQDO\VLV
LVSDUDPRXQWWRZDUGVDQXQGHUVWDQGLQJRIZKDWWKHV\VWHPPXVWGRWRSHUIRUPWKHUHTXLUHGDFWLRQV7KHJRDORIWKH
V\VWHPLVWRFUHDWHDPHDQLQJIXODQGDFFXUDWHPRGHOIURPZKLFKWRSUHGLFWIXWXUHHQHUJ\XVDJHZKLOHFRUUHODWLQJWKLV
LQIRUPDWLRQDJDLQVWWKHFXUUHQWEDODQFHRIDFXVWRPHUV¶SUHSDLGDFFRXQW
5.2. Task analysis 
$FULWLFDODVSHFWRIDQHIIRUWRIWKLVW\SHZKLFKLVHVVHQWLDOO\DGDWDDQDO\VLVSUREOHPLVWKHDQDO\VLVRI³ZKDW
QHHGVWREHGRQH´ZLWKLQWKHJLYHQV\VWHP,QWKLVFDVHWKHDELOLW\WRIRUHFDVWHQHUJ\XVDJHOHYHUDJLQJPHWHUGDWD
ERWK LQ UHDO WLPH DQG KLVWRULFDO LV FHQWUDO WR WKH DQDO\VLV RI WKH SUREOHP GRPDLQ DQG WKH UHVXOWDQW V\VWHP ,2
DQDO\VLV LV NH\ WRZDUGV WKH VXFFHVVIXO GHYHORSPHQW RI D SUHGLFWLYH PRGHO  7KH IROORZLQJ DQDO\VLV PXVW EH
FRPSOHWHGLQRUGHUWRGHWHUPLQHWKHPRVWHIIHFWLYHPHDQVWRZDUGVWKHGHYHORSPHQWRIWKHSURSRVHGV\VWHP
x ,GHQWLI\WKHLQSXWVLQWRWKHV\VWHP
x ,GHQWLI\WKHRXWSXWVIURPWKHV\VWHP
x ,GHQWLI\WKHFRQVWUDLQWVDIIHFWLQJDFWLRQ
5.3. System inputs 
)RU WKHSURSRVHGV\VWHP WKH LQSXWVDUHFRQVLVWHQWEHWZHHQERWK WKHKLVWRULFDO³WUDLQLQJ´GDWDXVHG WRFUHDWHD
XVDJHPRGHOIRUHDFKFXVWRPHURUW\SHRIFXVWRPHUDQGWKHSUHGLFWLYHGDWDLQSXWLQWRWKHPRGHO 7KHLQFRPLQJ
GDWD LQFOXGHVERWKXVDJH DQGZHDWKHUGDWD 8VDJHGDWDDUH FROOHFWHG IURP WKHYDULRXV$0,GDWD IHHGV LQ HLWKHU
VLQJOHDJJUHJDWHUHDGVSHUGD\RULQWHUYDOUHDGVGHSHQGLQJRQWKHW\SHRI$0,V\VWHPHPSOR\HGE\WKHFXVWRPHUV¶
XWLOLW\FRPSDQ\,QDGGLWLRQZHDWKHUIHHGVIURPWKH1DWLRQDO2FHDQLFDQG$WPRVSKHULF$GPLQLVWUDWLRQ12$$
RU 1DWLRQDO :HDWKHU 6HUYLFH 1:6 DUH FROOHFWHG WR WUDLQ WKH KLVWRULFDO PRGHO RU SUHGLFW IXWXUH XVDJH  7KH
LQFRPLQJZHDWKHUGDWDLVFRQVLGHUHGWKHPRVWLQIOXHQWLDOIDFWRULQGDLO\HQHUJ\XVDJH
5.4. System outputs 
6\VWHPRXWSXWVLQFOXGHWKHFXVWRPHUSURILOHZKLFKLVXVHGWRIHHGWKHSUHGLFWLYHPRGHOIRULWHUDWLYHFDOFXODWLRQV
RYHU WLPHZKLFKGHWHUPLQHV WKH LQSXWV WR WKHSUHGLFWLYHPRGHO $OVRDQRXWSXWRI WKHV\VWHPLV WKHIXWXUHXVDJH
SURILOH IRU WKH LQGLYLGXDO FXVWRPHU ZKLFK ZLOO WKHQ DVVLVW LQ GHWHUPLQLQJ WKH HIIHFW RQ WKH UHPDLQLQJ ILQDQFLDO
EDODQFHWRZKLFKXVDJHLVDSSOLHG
8OWLPDWHO\WKHRXWSXWRIWKHIXOODQDO\VLVLQFOXGHVDPHDVXUHPHQWRIKRZORQJWKHFXVWRPHU¶VILQDQFLDOSD\PHQW
ZLOODOORZWKHFRQWLQXHGXVHRIHQHUJ\XQWLOIXUWKHUIXQGVDUHQHHGHG7KLVDVSHFWKRZHYHULVRXWVLGHWKHVFRSHRI
WKLVGHYHORSPHQWDVWKHJRDORIFXUUHQWUHVHDUFKLVWRGHYHORSWKHSUHGLFWLYHPRGHO
5.5. System constraints 
$FULWLFDO VWHS LQPRGHOGHYHORSPHQW LV WKHDQDO\VLVRI WKHFRQVWUDLQWV UHVXOWLQJ IURPGLIIHULQJGDWD IHHGV $V
LGHQWLILHGLQWKHOLWHUDWXUHUHYLHZDQLQFUHDVHLQGDWDILGHOLW\DIIHFWVWKHDFFXUDF\RIWKHSUHGLFWLYHPRGHO7KHOHVV
JUDQXODU WKHGDWD WKH OHVVDFFXUDWH WKHSUHGLFWLRQEHFRPHV 7KLVFDQEHLGHQWLILHG LQERWK WKHXVDJHDQGZHDWKHU
GDWD
7KHXVDJHGDWD DV GLVFXVVHG DERYH DQG IXUWKHU LQ6HFWLRQPD\ DUULYH LQ D VLQJOH DJJUHJDWH YDOXH RU LQ DQ
LQFUHPHQWDO UHDG RI DSSUR[LPDWHO\ QLQHW\VL[ LQGLYLGXDO UHDGV SHU GD\  ,Q RUGHU WR QRUPDOL]H WKLV GDWD IRU
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FDOFXODWLRQVHYHUDOLWHUDWLRQVRIGDWDSURFHVVLQJPXVWEHXQGHUWDNHQLQRUGHUWRSURYLGHDFRQVLVWHQWGDWDIHHGIRUWKH
WUDLQLQJDQGSUHGLFWLYHPRGHOV,QWKLVFDVHDGLVWULEXWLRQIXQFWLRQLVDSSOLHGWRWKHDJJUHJDWHUHDGLQRUGHUWRV\QFK
GDWDEHWZHHQWKHLQWHUYDODQGVLQJOHDJJUHJDWHUHDGV
:HDWKHUGDWDDOVRPXVWEHSUHSURFHVVHGSULRUWRXVHZLWKLQWKHGDWDPRGHOV7KHZHDWKHUGDWDDVSURYLGHGE\
12$$ GRHV QRW QHFHVVDULO\ PDWFK WKH UHDG LQWHUYDO SURYLGHG IURP WKH $0, GDWD IHHG )RU WKH SXUSRVHV RI
FRUUHODWLQJXVDJHZLWK WKH FXUUHQWZHDWKHUGDWD DGGLWLRQDO QRUPDOL]DWLRQSURFHVVLQJPXVWEH FRPSOHWHG WRPDWFK
XVDJHZLWKWKHDPELHQWWHPSHUDWXUHDQGKXPLGLW\IRUH[DPSOHDWWKHWLPHWKHUHDGZDVWDNHQ
:LWKLQWKHUHYLHZHGOLWHUDWXUHWZRDSSURDFKHVWRZDUGVQRUPDOL]LQJWKHZHDWKHUGDWDWRXVDJHZHUHXVHG,QRQH
FDVH WKH PHGLDQ WHPSHUDWXUH ZDV XVHG WR QRUPDOL]H UHDO SRZHU XVDJH IRU PRGHO WUDLQLQJ ZKLOH LQ WKH RWKHU
VWDWLVWLFDOO\VLJQLILFDQWFOXVWHUVRIWHPSHUDWXUHSURILOHVZHUHXVHGDVPRGHOLQSXWV
%DVHGRQWKHFRQVWUDLQWDQDO\VLV WKHGHFLVLRQWR LPSOHPHQW WKHK\EULGPRGHOZLWKSUHSURFHVVLQJRI LQSXWGDWD
ZDV UHDOL]HG DV D QHFHVVDU\ FRPSRQHQW WRZDUGV WKH VXFFHVVIXO LPSOHPHQWDWLRQ RI D SUHGLFWLYH HQGXVHU PRGHO
8OWLPDWHO\ PRUH WKDQ RQHPRGHO LV QHHGHG LQ RUGHU WR FRPSOHWH WKH REMHFWLYH RI WKH V\VWHP DV D ZKROH WKRVH
PRGHOV LQFOXGLQJ WKRVH XVHG WR QRUPDOL]H DQG GHYHORS LQWHUPHGLDWH SUHSURFHVVLQJ DQG D SUHGLFWLYH PRGHO WR
JHQHUDWH D IXWXUHXVDJHPRGHO IRU HDFK FXVWRPHU )XUWKHUGLVFXVVLRQRIGDWDSUHSURFHVVLQJ DQG WKH HQG UHVXOW LV
SURYLGHGLQ6HFWLRQ
)RUHFDVWLQJ0RGHO
7KHILUVWFKRVHQGHVLJQIRULPSOHPHQWLQJWKHK\EULGPRGHODSSURDFKIRUERWKORQJDQGVKRUWWHUPIRUHFDVWVXVHG
DQDEVROXWHFXVWRPHUKLVWRU\UHVSRQVH WR WHPSHUDWXUHDORQJZLWKDVPDOOHUPRUHUHFHQW IUDPHRIUHIHUHQFH 7KH
DEVROXWH KLVWRU\ LV WKH SDLULQJ RI D FXVWRPHU¶V FRPSOHWH XVDJH ZLWK WKH FRUUHVSRQGLQJ WHPSHUDWXUH GDWD VR WKDW
SUREDELOLWLHV  RI XVDJH SHU WHPSHUDWXUH GHJUHH FRXOG EH FUHDWHG  7KLVPHWKRG DOORZV IRU D JHQHUDOL]DWLRQ RI
FXVWRPHUXVDJHGHWHUPLQDWLRQDQGVHUYHVDVDQHVWLPDWHWREDVHIXWXUHIRUHFDVWVXSRQ7KHVKRUWWHUPKLVWRU\XVHVD
WLPHIUDPHRQWKHRUGHURIZHHNVWRFUHDWHDVLPLODUSURILOHEXWLVQRWDVFRPSXWDWLRQDOO\H[SHQVLYH
7KH EHQHILW RI WKLV DSSURDFK LV WKDW FXVWRPHU NLORZDWW N: XVDJH DQG WKHLU WHPSHUDWXUH UHVSRQVH LV
FRPSUHKHQVLYHZKLOHQRWJUHDWO\LPSDFWHGE\VKRUWWHUPRUUHFHQWEHKDYLRUDQGLVWKXVO\PRUHVWDEOH+RZHYHUWKH
VWDWLVWLFDOZHLJKWRIWKLVUHVSRQVHFXUYHPXVWDFFRXQWIRUVKRUWWHUPREVHUYDWLRQVRQVRPHOHYHO7KLVDSSURDFKXVHV
WKH ORQJWHUP UHVSRQVH FXUYH WR JLYH D JHQHUDO HVWLPDWH RI IRUHFDVWHG XVDJH LQ N: DORQJ DFFRUGLQJ WR WKHLU
OLNHOLKRRGDQGH[WHQGLQJVOLJKWO\EH\RQG WKHKLJKHVWSUREDELOLWLHV 7KHVKRUWWHUPUHVSRQVHFXUYH LV WKHQDSSOLHG
XSRQWKHSUHYLRXVO\JHQHUDWHGORQJWHUPSUREDELOLW\FXUYHWKHUHE\SURGXFLQJDQDUURZHGXVDJHIRUHFDVWWROHUDQWRI
SRVVLEOHUHFHQWGHYLDWLRQVLQFRQVXPSWLRQ
7KHVPDUWPHWHULVSROOHGDWDFRQVWDQWLQWHUYDORIHYHU\ILIWHHQPLQXWHDQGUHFRUGVWKHFXUUHQWFXVWRPHUORDGLQ
N:7KHZHDWKHUGDWDXVHGZLWKLQWKHPRGHODQGUHWULHYHGIURPWKH12$$LVQRWFRQVLVWHQWO\VDPSOHGWKURXJKRXW
WKHGD\ 7KHVH WZR VHWVRIGDWD FRQVLVWLQJRI DQ XQHTXDO QXPEHURI VDPSOHV DUH WKHUHIRUHGLIILFXOW WR FRPSDUH
ZKHQDWWHPSWLQJWRHVWDEOLVKDSDWWHUQRIFRQVXPSWLRQ7KHHUURULVLQWURGXFHGZKHQH[WUDSRODWLQJWKLVZHDWKHUGDWD
DJDLQVWWKDWRIWKHHQHUJ\XVDJHGDWD
$SRVVLEOHVROXWLRQWRFLUFXPYHQWWKLVSUREOHPZRXOGEHE\H[WUDSRODWLQJLQDSLHFHZLVHPDQQHUWRSURGXFHWKH
SDVWZHDWKHUGDWD)RUH[DPSOHWKLVH[WUDSRODWLRQIXQFWLRQFRXOGEHVSOLWLQWRWZRFKXQNVRQDGD\DQGQLJKWEDVLV
WRPLQLPL]HPDMRU µMXPSV¶ LQ WKH WHPSHUDWXUH IXQFWLRQ WKHUHE\ UHGXFLQJ HUURU UHVXOWLQJ IURP HVWLPDWLRQ RI GDWD
SRLQWV+RZHYHUWKHSLHFHZLVHIXQFWLRQZRXOGRQO\QHHGWREHGRQHRQFHSHUFXVWRPHUEHFDXVHWKHPRGHODOORZV
IRU GDWD WR EH DGGHG WR WKHLU GLVWULEXWLRQ RQFH LW KDV EHHQ GHILQHG :KHQ WKHPRGHO LV UDQ IRU WKH ILUVW WLPH LW
FDOFXODWHV HDFKRI WKHGD\V LQ D\HDU )URP WKDW SRLQW WKHPRGHOZRXOGRQO\ FRQVLGHU QHZ
QHWFZKHQPDNLQJFDOFXODWLRQVIRUIXWXUHSUHGLFWLRQV+RZHYHUWKLVLVRQO\RQHDSSURDFKRIDQ\QXPEHURI
SRVVLEOH VROXWLRQV  $ IXWXUH V\VWHPV HQJLQHHULQJ WHDP FRXOG SHUIRUP DQ DQDO\VLV RI DOWHUQDWLYHV RQ WKH PRVW
DSSURSULDWHZD\WRH[WUDSRODWHWKHZHDWKHUGDWDDFURVVWKHHQHUJ\XVDJHGDWDJLYHQWKHVHLUUHJXODUGDWDVHWV
,QWHUPVRIFRPSXWDWLRQWKHVKRUWWHUPIRUHFDVWLVQRWFRPSXWDWLRQDOO\H[SHQVLYHDQGFDQEHUXQVHYHUDOWLPHVD
GD\ZLWKWKHVDPHUHODWLYHO\VPDOOVHWRIGDWD7KHORQJWHUPIRUHFDVWZKLFKLQFRUSRUDWHVDPXFKODUJHUGDWDVHW
ZLOO EH YHU\ FRPSXWDWLRQDOO\ H[SHQVLYH FRQVLGHULQJ WKHQXPEHU RI FXVWRPHUV UHTXLULQJ D IRUHFDVW ,I WKH OHYHO RI
FRPSXWLQJ SRZHU QHHGHG WR SHUIRUP WKHVH FDOFXODWLRQV LV QRW DYDLODEOH RQVLWH LW PD\ EHFRPH QHFHVVDU\ WR
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LQFRUSRUDWH D FORXG FRPSXWLQJ VROXWLRQ VXFK DV $PD]RQ :HE 6HUYLFHV $:6 WR EHWWHU PHHW WKH FRPSXWLQJ
GHPDQG
)LJXUH VKRZQEHORZ LV D6\V0/ LQWHUQDO EORFNGLDJUDPYLHZ ,%'RI WKHK\EULGPRGHO FRQFHSW $GDWD
FROOHFWLRQPRGXOHKDQGOHVWKHSURFHVVLQJDQGLQVHUWLRQRIERWKZHDWKHUDQGHQHUJ\XVDJHGDWDIHHGVLQWRWKH

GDWDEDVH  7KH GDWDEDVH VWRUHV WKHVH UHFRUGV E\ SURSHUW\ DGGUHVVZLWK WKHPDLQ SXUSRVH RI 53/) EXW FDQ DOVR
SURYLGH ODUJHU GDWDVHWV VXFK DV HQWLUH FLWLHV FRXQWLHV RU HYHQ VWDWHV IRU ODUJHU HQHUJ\ XVH SUHGLFWLRQV VXFK DV
GHWHUPLQLQJ LIDSDUWLFXODUDUHDFDQEHQHILWIURPDSRZHUJULGH[SDQVLRQ 7KH6PDUW*ULG&,6PRGXOH LV WKHPDLQ
PHWKRGDQGWLHVLQWRWKHVSRQVRU¶VH[LVWLQJVRIWZDUHWKDWKDQGOHVFXVWRPHUELOOLQJDQGRWKHUIXQFWLRQV
7KH DOJRULWKP PRGXOH LV UHVSRQVLEOH IRU KDQGOLQJ WKH LUUHJXODULW\ RI ZHDWKHU DQG HQHUJ\ XVDJH GDWD IHHGV
H[HFXWHV SURGXFWLRQ RI WKH GLVWULEXWLRQ FXUYH WKHQ FRPELQHV HDFK IHHG LQWR D VLQJOH GLVWULEXWLRQ SHU FXVWRPHU
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